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| INTRODUCTION
Chagas disease (CD) is caused by the protozoan parasite Trypanosoma cruzi. Although endemic in Latin America, it is also incident in other continents due to immigration of infected individuals, affecting roughly 7-8 million people worldwide. 1 CD is characterized by a variety of chronic clinical forms. Approximately 30% of chronically infected patients develop the cardiac form of the disease, which is the major cause of debilities and death due to severe cardiac manifestations. 2 The chronic cardiac form is associated with an increased expression of pro-inflammatory cytokines; in contrast, the indeterminate chronic form, which presents positive serology but no clinical findings, is associated with the predominance of an anti-inflammatory phenotype. [3] [4] [5] [6] [7] However, the complexity of factors involved in the cardiomyopathy development is not fully understood. 8, 9 Regulatory T cells (Tregs) are known for the maintenance of immunological tolerance and control of immunopathology. [10] [11] [12] Previous studies have reported that patients with the indeterminate form of CD present a higher frequency of Tregs as compared to patients with the chronic cardiac form, indicating that their recruitment may associate with pathogenesis' limitation, possibly by ameliorating cardiac tissue damage. [13] [14] [15] Nevertheless, experimental research has failed to prove Treg involvement in CD pathogenesis [16] [17] [18] ; thus, its role remains arguable.
Th17 cells are known for inducing inflammatory responses and autoimmunity. They are the main producers of interleukin 17 (IL-17), IL-17A being the most studied Th17 cytokine. 19 In an experimental acute T. cruzi infection, the activation of immune-related cells was compromised in IL-17A À/À mice, leading to lower survival rate and higher parasite load. 20 Recent studies have proposed IL-17A favours T. cruzi infection chronicity, 21 and some groups suggested a protective role of IL-17 and Th17 in the chronic cardiac form. 22, 23 
| Epimastigotes antigen
Soluble epimastigote antigen of T. cruzi Y strain (EPI), obtained as previously showed, 5 was used to stimulate peripheral blood cell cultures.
| Peripheral blood cell culture
Approximately 5 9 10 6 cells/mL were cultured in RPMI 1640 media supplemented with L-glutamine, 1% antibiotics (100 U/mL penicillin, 100 lg/mL streptomycin) and 10% foetal bovine serum (all from Sigma-Aldrichâ) and stimulated with EPI antigen (25 lg/mL) for 18 hours in a 5% CO2 incubator at 37°C. 15 Separately, cells were cultured with phytohemagglutinin (5 lg/mL) (GIBCO TM /Invitrogen Corporation) as positive controls. Cultures without stimuli were used as negative controls. Brefeldin A (10 lg/mL) (Sigma-Aldrichâ) was added 4 hours prior to the end of blood culture.
| Immunophenotyping
By the end of cell culture, EDTA (20 mmol/L) (SigmaAldrichâ) was added and cells were incubated at room temperature. Samples were washed in filtered phosphate buffer saline (PBS) added with 0.5% bovine serum albumin and 0.1% sodium azide (all from Sigma-Aldrichâ) (PBSwash). Cellular precipitation was incubated at room temperature for 30 minutes with surface staining antibodies peridinin chlorophyll (PercP)-conjugated anti-CD4 (Invitrogenâ), allophycocyanin (APC)-conjugated anti-CD25 (Invitrogenâ) and fluorescein isothiocyanate (FITC)-conjugated anti-CD19 (BD Biosciencesâ). Next, haemolysis was performed by adding lysing solution, diluted 1:10 in distilled water (2.85% sodium citrate/Sigma-Aldrichâ, 30% diethylene glycol/Sigma-Aldrichâ, 54% of 37% formaldehyde, 0.04% of USP 100 000 hepain/Blausiegelâ). Cells were washed twice in PBS-wash and permeabilized with BD Perm/Wash TM (BD Biosciencesâ). Samples were then incubated at room temperature for 30 minutes with intracellular antibodies phycoerythrin (PE) conjugated with anti-IL-17, APC-conjugated anti-IFN-c and PE-conjugated anti-FoxP3 (all purchased from BD Biosciencesâ). The steps that followed were washed by centrifugation with PBS-wash and cell fixation with BD Cytofix TM (BD Biosciencesâ).
| Flow cytometry acquisition and analysis
Samples were acquired on a FACScalibur flow cytometer (Immunocytometry Systems Becton Dickson) with a minimum of 20 000 gated events. The population of cells studied was selected using the SSC vs FSC dot plot, with the creation of a gate around lymphocytes. A second gate (Gate 2) ( Figure 1A, B was determined. In the evaluation of CD25 and FoxP3 expression, "high" fluorescence frequency was established according to the global average production of all patients included in this study, as per Lorena et al. 6 Briefly, the "high" fluorescence population consists of positively stained cells showing the brightest fluorescence signal for either CD25 or FoxP3 ( Figure 1A ). The median fluorescence intensity expression (MFI) of IL-17 and IFN-c was analysed by gating on lymphocytes and obtained through histogram graphics.
| Statistical analysis
D'Agostino and Pearson tests, followed by Student's t test, were used to test data normality. The medians of different Figure 2B ,E, respectively). Few studies have investigated the role of Th17 and IL-17 in the chronic phase of CD; previously, Th17 cells were showed to be more frequent in chronically infected patients as compared to uninfected individuals, however, no difference was observed throughout the progression of cardiac involvement. 22 We also analysed CD19 + IFN-c + cells but observed no difference in their frequency upon EPI stimuli ( Figure 2H ). There was no difference in the frequency of CD4 + T cells producing IFN-c + ( Figure S1A ). (Figure 4G) , however, no difference was found among groups. In addition to being the main producers of IL-17, the expression of this cytokine by alternative Th17 cells also correlated with worse cardiac function ( Figure 4H, I) . A previous study reported no difference in the frequency of CD4 + and CD8 + IL-17-producing cells among indeterminate and cardiac groups after peripheral blood re-infection, 23 however, IL-17 MFI correlated with improved cardiac function, expressed in L.V.E.F.; this result suggests a protective role of IL-17 in CD. Conversely, we show a negative correlation between the IL-17 MFI and cardiac function, also expressed in L.V.E.F. It is important to note that we stimulated peripheral blood cells with soluble antigens. Previously, antigen presentation to T cells was showed to defect due to Trypanosoma re-infection. 36 Given that T cells activation and expansion depend largely on antigen presentation, the different methods used for peripheral blood stimulation between ours and previous studies may explain the difference between our results.
IL-17 + B cells were previously identified as a major source of IL-17 in murine models of T. cruzi infection. 27 We did not observe the same when analysing whole blood of chronically infected patients ( Figure 4F ); yet, it is possible that B cells may play an important role in producing IL-17 during evolution to severe cardiomyopathy as its IL-17 expression correlated with worse cardiac function (Figure 4J, K CD25 and FoxP3 are also considered T cell activation markers, it is important that further analysis be conducted using yet other molecular markers, such as CTLA-4, GITR, DC45RA, CD45RO and CD127, as to allow for a more precise evaluation of this cell profile. 24, 25, 39 and exacerbated pro-inflammatory environment in Chagas severe heart disease. 5, 6, 37, 38, 40 The possibility of Th1 and Th17 profiles coexistence in certain pathological circumstances, especially in autoimmune diseases, gained forces with the discovery of alternative Th17 cells. This group of cells can adjust its cytokine profile to better suit the control of pathogens. Thus, together with a de novo Th1 differentiation, the transition to an alternative profile (IFN-y + ) may prove itself effective in the defence against intracellular pathogens. The phenotypic marking of alternative Th17 suggests the importance of plasticity between Th1 and Th17 cell profiles. On this light, our results suggest that Th17 cells may be contributing to the development of Chagas cardiomyopathy, especially alternative Th17. Indeed, aetiological treatment with the antiparasitic drug benznidazole was showed to decrease the expression of the Th17-like chemokine CCL10 and IL-17, among other inflammatory mediators, in the left ventricle tissue. 41 Th17 modulation mechanisms in chronic CD are yet to be established. Acute experimental T. cruzi infection demonstrated that IL-17 production by CD4 + cells is regulated by the transcription factor T-box (T-bet) and interleukin 12 (IL-12), independently of IFN-c concentrations. 42, 43 In these studies, IL-12 promoted Th17 cells plasticity to IFN-c production, which is showed necessary to prevent chronic effects of IL-17. Therefore, it would be interesting to further understand how T-bet and IL-12 participate in the modulation of Th1/Th17 profiles during the progression of Chagas cardiomyopathy. 47 The polarized Th1 response observed in patients with chronic heart disease, 5 quantified especially through secretion of IFN-c, may induce feedback mechanisms, and consequently increases the recruitment of Treg. Puzzlingly, we found no increase in CD4 + IFN-c + population among groups of patients or significant alteration in the MFI of this cytokine, however, the population of alternative Th17 cells did increase and our study points to an intensification of inflammatory responses in advanced stages of cardiac disease. IL-6 is a key factor in determining the balance between Th17/Treg for stimulating naive CD4 + T cells differentiation to a Th17 profile. IL-6 levels were previously showed to increase with the progression of Chagas cardiomyopathy, suggesting its contribution to the cardiac damage associated with inflammation. 48 Furthermore, experimental infection models using the Y parasite strain resulted in high mortality, pointing to a likely correlation between IL-6 levels and Th17 cells infiltrating cardiac tissues. 49 It is interesting to note that Cultures without stimuli were used as negative controls (Media) (H and J). Asterisks (*) between columns indicate significant difference between them. Differences with P values ≤.05 were considered statistically significant (*). P values ≤.01 are shown with 2 asterisks (**), P values ≤.001 are shown with 3 asterisks (***), and P values ≤.0001 are shown with 4 asterisks (**** 
